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Description 
TECHNICAL FIELD 

The present invention relates to complexes and compositions for oral delivery of a substance(s) to the circulation 
or lymphatic drainage system of a host The invention also relates to processes for the production of conplexes and 
conrpositions for oral delivery of a substance(s) to the circulation or lymphatic drainage system of a host The invention 
further relates to a method of delivering a substance(s) to the circulation or lymphatic drainage system of a host. In 
addrtion the invention relates to kits for preparing complexes for oral delivery of a substance(s) to the circulation or lym- 
phatic drainage system of a host. 

A number of clinical conditions of vertebrates have sufficiently deleterious effects upon the vertebrate to warrant 
the administration of some pharmaceutically active agent. Such agents may Include (i) vacdnes, to protect against cfis- 
eases such as tetanus, diptheria or whoophing cough, (ii) hormones, e.g. insulin. LHRH, vasopressin, oxytocin, or (iii) 
drugs, e.g. anti-cancer agents, antibiotics. In these cases, a suitable agent is administered to tiie vertebrate to involve 
immunity, to supplement hormone levels, to eliminate the disease causing agent or to provide a therapeutic effect 

Administration of tiie pharmaceutical to the vertebrate may be via a number of routes including intramuscular (l.m.). 
subcutaneous (s.c), or oral (per os, p.o.) administration, l.m. or s.c. administration of tiie pharmaceutical suffers from 
the disadvantages tiiat: relatively specialized skills are required to administer the pharmaceutical; large scale admiras- 
trata'on may be difficult to periorm; it is expensive; and a nunri>er of side reactions can occur to the agent being admirb 
isler d. For tiiese reasons oral administration of the pharmaceutical is generally prefen-ed. Many antibiotics 
(tetracycline, penicillin etc), and hormones (progesterone, oestrogen etc) can be successfully administered via the oral 
route. There are however drugs, hormones and immunogens whose efficacy is almost totally lost upon oral administra- 
tion (including Calcitonin. Eryttiropoetin, Granulocyte Colony Stimulating Factor, Stem Cell Factor, Granulocyte Colony 
Stimulating Factor, LHRH analogues. Somatostatin, Insulin, Interferons, Plasminogen Activator Inhibitors and species 
of DNA and RNA). This loss of efficacy may be due eitiier to the inability of the intestinal mucosa to absorb these com- 
pounds or ttie breakdown of ttiese substances by various physiological agents in the intestinal milieu. To some extent 
this effect can be overcome by the administration of extremely large doses of the pharmaceutical agent. This approach, 
however, is not economically feasible for many pharmaceutical agents. 

In an attempt to overcome the problem of degradation a numfc)er of encapsulation methods have been enployed 
which enable tiie encapsulated material to by-pass both the gastric acidity and tiie pepsin mediated proteolysis encoun- 
tered witiiin the lumen of tiie stomach. Typically ttiese meUiods have involved enteric coated capsules, which only 
release their contents upon contact with tiie higher pH of tiie upper duodenum and jejunum. While this has greatly 
increased tiie oral efficacy of a number of conpounds, still many substances are pharmaceutically inactive upon oral 
delivery and must be administered parenterally. NoteaWe examples of such compounds include Calcitonin, Eryttiropoi- 
etin, Granulocye Colony Stimulating Factor, Stem Cell factor, Granuk>cyte Macrophage Colony Stimulating Factor, 
Somatostatin, Insulin, LHRH and its analogues. Interferons. Plasminogen Activator Factor, species of DNA amn RNA. 
and many vacdnes. 

In a furtiier extension of the encapsulation process, several new forms of encapsulation have been designed in 
recent years witti the specific purpose of trapping large quantities of pharmaceuticals in subcellular capsules, in tiie 
hope that once protected from the intestinal milieu, the capsules wouW themselves be taten up from the intestine and 
release their contents systemically. Two basic forms of ttiese capsules have been developed, nanocapsules (or micro- 
capsules) and nanospheres (or miaospheres). In essence ttiese partides can be formed by one of a number of meth- 
ods, several of which are outiined below: 

ffl Sohmnt Evaooratton 

In which a compound which is soluble in one solvent is dispersed into a non-misdt>le solvent and the first solvent 
is evaporated off. Particles formed in ttiis fashbn have been used to administer (parenterally) a number of water insol- 
uble compounds. An example of such a, system would be the formation of polyalkyteyanoacrylate nanocapsules in 
which the antifungal agent, griseofulvin is entrapped. 

(ii) Desolvation 

In tills metiiod a compound is contained in a liquid in which it is solutrfe (the solvent) and a second liquid (which is 
misdWe with ttie first liquid, but in which the compound is not soluble) is added to tiie solvent. As more of ttie second 
liquid is added ttie compound becomes desolvated. During ttie process of desolvation the compound rich phase (tiie 
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coacervate) contains an enriched aniount of compound which is dispersed as microdroplets in the compound deficient 
phase. At this stage the coalesced material can be chemically crosslinked by a suitable crosslinking agent to form micro 
or nano-partides. Nanoparticles of gelatin or BSA can be prepared in this way. Solutions of these proteins are desol- 
vated by the addition of sodium sulfate, or ammonium sulfate solutions. At the point of desolvation there Is an increase 
in turbidity, at which time the nanoparticles can be formed by the addition of a suitable cross-linker such as glutarakie- 
hyde or butanedione. 

(UP Complex coacervation 

In this procedure two polyelectrolytes having opposite charge are mixed in aqueous medium so that a spontaneous 
liquid/liquid phase separation occurs. The phenomenon is limited to polymers having a suitable ionic charge density 
and chain length. Typically these microspheres are formed by the addition of a polyanion such as Gum Arabic. Alginate, 
or Polyphosphate, to a polycation such as Gelatin. 

(M Pohmer/bohnner incompatablHty 

This procedure is based upon the observation that two chemk:ally different polymers dissolved in a common sol- 
vent are usually incompatible. Thus the mixture will tend to fbrni two phases. The insoluble phase can be used to coat 
core particles to form microcapsules. An example would be the precipitation of ethyl cellulose from cyclohexane by the 
addition of polyethylene. 

M Interfacfat f^lymerlraffnn 

In this technique, two reactants, each dissolved in a mutually immiscible liquid, diffuse to the interface between the 
two liquids where they react to form a capsule wall. An example of such capsule formation would occur if a mixture of 
Sebacoyl chloride dissolved In an oil phase was ennulsified into an aqueous phase containing ethylenediamine. 

Oppenheim and coworkers (1982) have used the desolvation process (described above) to prepare insulin nano- 
partides. These nanoparticles were found to be highly effective when administered intravenously, however a disap- 
pointingly small quantity of insulin was delivered to the systemic circulatk>n when these particles were given orally. It 
would appear, from this work that although it was possible to protect the insulin from degradation in the intestine it was 
not possible to target the nanoparticles to the intestinal mucosa in such a way as to cause uptake. The lack of a suitable 
targetting agent has in fact rendered this type of miaoencapsulation technique to be generally unsuitable for oral deliv- 
ery of encapsulated agents. 

Recent work in part undertaken by one of the cun-ent inventors (W086/06635 and PCT/AU86A)0299, the disdo- 
sures of which are incorporated herein by reference) has, however, provided such a targetting mechanism. In tiiis work 
use was made of two natural uptake mechanisms in tfie gut. The first mechanism utilizes tfie natural uptake mechanism 
for Vitamin B12- During this uptake Vitamin B^2 ^i^^tly binds to intrinsic factor (IF) in the upper small intestine. The Vita- 
min B^2'^F complex then passes down the small intestine and binds to an IF receptor k>cated on the surface of the ileal 
epithelium. The whole Vitamin Bi2-IF-receptor complex is then internalized by receptor-mediated endocytosis and 
some time later the Vitamin 8^2 appears in the serum. It has been shown that it is possible to chemically link peptides 
to Vitamin B12 in such a manner that does not interfere with its conrplexing to IF, and to deliver tiiese molecules to the 
circulation following oral administration. The use of Vitamin B12 as a canrier for tiie oral delivery of active sut)stances is 
desaibed in PCT/AU86/D0299. 

In the second mechanism, natural mucosal binding proteins were employed to target various haptens and protein 
molecules to the gastrointestinal mucosa and elicit their uptake. These binding proteins included bacterial adhesins 
(987P and K99 pili), a viral adhesin (flu virus), a toxin binding subunit (LTB), as well as a number of plant lectins. This 
class of molecules was termed canrier molecules. 

Both the above described mechanisms do however suffer from the disadvantage tiiat tiie amount of material which 
couW be delivered through either uptake mechanism was directly proportional to the amount of targetting agent which 
could be taken up. In tfiis regard, the vitamin B^2 uptake mechanism is limited by the absolute quantity of Vitamin 8^2 
which is normally absorbed, which in most animals amounts to only a few nrucrograms. 

Furtiiermore, in order for either canier system to work effectively tfie conjugated material (hormone, peptide or 
drug) must preferably be able to survive the proteolytic environment of the small intestine and must also contain a suit- 
at)le site for chemical cross-linkage to the carrier. During the conjugation, care must be taken to preserve the pharma- 
cotogical activity of the active agent both during the corrugation as well as in ttie final con?)lex. Furthernrrore, a number 
of peptides may not be suitable for oral delivery (due to sensitivity to proteolysis, or due to lack of suitable functional 
groups for conjugation) and so new analogues may need to be dev loped which possess an appropriate conjugation 
site or have been designed to resist proteolytic degradation. In tiiis respect ttie present invention can be distinguished 
from the previous inventions desaibed above in that the can-ier molecule of fhe pres nt invention is oQl covalentiy con- 
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jugated to the pharmaceutically active agent, but rather the carrier molecule Is either covalently linked to the mate* 
rial/polymer comprising th microsphere, or is associated hydrophobically with the surfece of the microsphere during its 
formation. 

WO-A-88/07365 relates rather generally to targeted drug delivery via macromolecules, microaggregates. micropar* 
5 tides, microspheres, nanospheres. liposomes and miaoemulsions. 

Lqposomes and microemulsions are not suitable for targeted oral delivery, due to their dissolution in bile salts. Fur- 
ther, macromolecules and microaggregates are not relevant to the present invention. In addition, in many of its exam- 
ples, the targeted compositions are designed to release significant quantities of material within minutes of 
administration. These are clearly not suitable for the targeted oral deKvery of tiie invention, in which the particles must 
10 not release significant quantities of material until they are taken up into tiie gastrointestinal mucosa. 

WOA-90A)4963 relates to a drug delivery composition comprising a natural bioadhesive material that binds to 
mammalian gut. The purpose of the bioadhesive material is to increase tiie residence time of tiie drug delivery compo- 
sition in tiie gut rather than to enable the composition to be taken up in to the mucosal drcutation. 

In botii cases of WO-A-86/06635 and EP-A-O220030, a earner molecule such as a mucosal tmmunogen. lectin. 
15 iax\n binding subunit, viral haemagglutinin is direcUy linked to an antigen or to a therapeutic substance. 

GB-A-2 146 525 relates to tiie use of porphyrins for the targeting of partides or liposomes to tumour sites, rather 
than the gastro-intestinal epithelium target of tiie present invention. 

WO-A-89/08449 describes the use of microparticles for oral delivery of antigen to the Peyer's Patches. The micro- 
spheres are prepared by solvent evaporation and are suitable for uptake by virtue of their size, preferably in the range 
20 1-3 microns. It does not describe a carrier molecule that targets tfie gasti'o-intestinal mucosa. 

Surprisingly, the present iiw€Mr|to one 
canrier moledjle iiiid^at^fi^ the 
present inventors have d^^ dan ehdW^ cbfvipl^ conr^rising a relatively 

large miaoparticle to be tran^poHdcittb-^^^^^^ or lymphatic drainage system via the mucosal: epithdium bf a 

25 host TTius, the present invention overcomes the above desaibed disadvantages of ttie methods of oral delivery of the 
prior art. since in the complexes of tiie present invention tiie active agent is not chemically modified and its physiological 
activity Is preserved while tiie micrppairticle jxcvides aprrt against degradation or modification in the gasti^ointes- 
fijigj^nyirorp^ of the irWentiph areJinl^^to^ rnoliecule which can specifi- 

cally targ^fie^m^^^ 

30 Other advantages of the present invention will be apparent from the objects of tiie invention and tiie disdosure of 
til invention hereinbelow. 

OBJECTS OF INVENTION 

35 .p^^ and compositfons for oral delivery of a substance(s) to tiie circu- 

' latioh orjynr^^ 

Other objects are to provide processes for the production of complexes and compositions for oral delivery of a sub- 
stance(s) to the circulation or lynrphatic drainage system of a host, a mettiod of delivering a substance(s) to tiie drcu- 
lation or lymphatic drainage system of a host and kits for preparing complexes for oral delivery of a substance(s) to the 
40 drculation or lymphatic drainage system of a host 

DISCLOSURE OF INVENTION 

The term "carrier" as used throughout ttie specif icatfon includes mucosal binding proteins. Vitamin 8^2' ana* 
45 loguies or derivatives of Vitamin 8^2 possessing binding activity to Castle's intrinsic factor, and also includes wltiiin its 
meaning the expression carrier molecule. 

The term micropartide as used throughout tiie specification includes microspheres and microcapsules and refers 
to a small partide ranging in size from 1 nanometer to 100 micrometers in diameter. 

According to a first errt^qdiment p^^^^^ there is provkJed a complex for oral delrvery of a substance to the . 

so drculation or lymphatic drainage systean oi a hb4t cortiprising: 

a mk:ropartide coupled to at least one carrier; wherein the mk;rppartk:le entraps or encapsulates the substance 
whereby tiie substance is substantially urtafifected by intestinal digestive substances of ttie host; the miaoparticle 
is adapted to release the entrapped or encapsulated substance into the circulation or lynphatic drainage system 
55 of the host; the micropartide is a rhicirdsphere or microcapsule that entraps or encapsulates a hormone, drug, 
immunogen. DNA component. DNA molecule or DNA analogue. RNA (such as ribozyme) component. RNA mde- 
cule or RNA analogue; the earner is adapted to transport the complex to the circulation or lymphatic drainage sys- 
tem via ttie mucosal ^ttielium of ttie host; and tiie canrier is: (a)adapted to bind to Castie's intrinsic factor and is 
selected from vitamin Bt2 and analogues and derivatives thereof, or (b)adapted to bind to gastrointestinal mucosa 
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and is selected from a mucosal binding protein such as a bacterial adhesin, a viral adhesin, a toxin binding sU)unit 
and a lectin. 

According to a second embodiment of the invention there is provided: 

a micropartide coupled to at least one carrier; wherein th microparticle is capable of entrapping or encapsulating 
the substance whereby the substance is substantially unaffected by intestinal digestive substances of the host; the 
microparticle is adapted to release the entrapped or encapsulated substance into the circulation or lynphatic drain- 
age system of the host; the microparticle is a microsphere or microcapsule tiiat entraps or encapsulates a hor- 
mone, drug, immunogen, DNA component, DNA molecule or DNA analogue, RNA (such as ribozyme) component, 
RNA molecule or RNA analogue; the carrier is adapted to transport tfie complex to the circulation or lymphatic 
drainage system via the mucosal epitfielium of the host; and the cannier is: (a)adapted to bind to Castle's intrinsic 
factor and is selected from vitamin 6^2 ^nd analogues and derivatives thereof, or (b)adapted to bind to gastrointes- 
tinal mucosa and is selected from a mucosal binding protein such as a bacterial adhesin, viral adhesin, a toxin bind- 
ing subunit and a lectin. 

In the f irst and second embodiments each microparticle may have a single canier coupled to it. AHernatively, in the 
first and second embodiments a plurality of earners which may be the same or different may be coupled to tiie miao- 
partide. Alternatively, a plurality of micropartides which may be tiie same or different and which may contain the same 
substance or different substances may be coupled to tiie canier. Typically, the plurality of carriers is from 2 to 100,000, 
generally from 2 to 10 and typically from 2 to 5. Advantageously, tiie plurality of micropartides Is from 2 to 10 and typi- 
cally from 2 to 4. 

Other molecules may be coupled to ttie micropartide as long as ttiey do not substantially prevent the canier from 
being capabke of enat)ling ttie complex to be transported to the drculation or lymphatic drainage system via the mucosal 
epithelium of ttie host Such molecules Indude targetting nrtolecules which target and attach ttie complex of the first 
embodiment to or in the vidnity of a desirable target in the host (eg an organ in the host). A canrier mdecule which also 
functions as a targetting molecule may also be used. Examples of targetting mdecules include antibodies (induding 
monoclonal and polyclonal antibodies), lectins, enzymes, or other bincfing proteins or substances (or binding fragments 
thereof). 

According to a third embodiment of ttiis invention ttiere is provided a oonrposition for oral delivery of a substance 
or substances to tiie drculation or lymphatic drainage system of a host, conrprising a mixture of a plurality off different 
conpleoces according to ttie first embodiment 

The complexes may be different in that ttie carrier, the microparticle and/or ttie substance of each conrplex may be 
different to ttie carrier, ttie micropartide and/or ttie substance of at least one of tiie ottier complexes. 

The composition of ttie ttiird embodiment can also indude an acceptable carrier, diluent, exdpient and/or adjuvant. 

According to a fourth emt)odiment of this invention there is provided a composition for oral delivery of a sul)stance 
to ttie drculation or lymphatic drainage system of a host, comprising ttie complex of the first embodiment togettier witti 
a physiologically acceptable carrier, diluent, exdpient and/or adjuvant 

According to a fifth embodiment of this invention there is provided a process for preparing a composition for oral 
delivery of a substance to ttie drculation or lymphatic drainage system of a host, comprising: 

mixing a complex of ttie first embodiment with at least one different complex of ttie first embodiment 

The process of tfie fifth embodiment can further indude mixing a physiologically acceptable canier. diluent, exdp- 
ient and/or adjuvant witti the complex and ttie least one different complex. 

A preferable composition of the fifth emt)odiment is a medicament comprising a carrier coupled to a microsphere 
or microcapsule comprising a hormone, drug, immunogen or DNA or RNA (such as ribozyme) component, mdecule or 
analogues ttiereof in pharmaceutically active form. 

According to a sixtti embodiment of this invention there is provided a process for preparing a composition for oral 
delivery of a substance to ttie drculation or lymphatic drainage system of a host comprising: 

mixing ttie complex of ttie first embodiment with a physiologically acceptable canrier, diluent, excipient and/or acju- 
vant. 

The nature of ttie carrier, diluent, exdpient and/or adjuvant utilised in ttie composition of the ttiird embodiment is 
dependent on the type of host. For instance, when the host is a human the canrier. diluent, exdpient and/or adjuvant is 
pharmaceutically acceptable. When the host is non human such as an a non human mammal (eg a dog, cat sheep, 
goat cow. IhjII, camel or horse) or other animal, ttie carrier, diluent, exdpient and/or adjuvant is veterinarilly acceptable. 

Examples of pharmaceutically accept^le can^iers, diluents and exdpients for oral delivery indude : sodium bicar- 
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bonate solutions and similar diluents which neutralis stonrach add or have similar buffering capacity, glycols, oils or 
emulsions; and include medicaments in the form of gels, pastes and viscous colloidal dispersions. The medicament 
may be presented In capsule, taWel. slow release or elixir form or as a gel or paste. Furthermore the medicament may 
be presented as a food. 

5 According to a seventh embodiment of this invention there is provided a method of orally delivering a substance to 
the circulation or lymphatic drainage system of a host requiring such substance, comprising: 

orally administering to the host an effective amount of a complex of the first embodiment or a composition of the 
third or fourth embodiments. 

10 

A preferred method of the seventh embodiment is for treating a vertebrate host by administration of a homione, 
dmg, immunogen or DNA or RNA (such as ribozyme) component. nK)lecule. analogue or derivative thereof requiring 
such administration which method comprises the oral administration to the host of an effective amount of a carrier cou- 
pled to a microsphere or microcapsule comprising a hormone, drug, inwiunogen or DNA or RNA (such as ribozyme) 
15 component, molecule, analogue or derivative thereof appropriate to the therapy of the host. 

According to an eigfith enrijodiment off this invention there is provided a kit for preparing a complex for oral delivery 
of a substance to the circulation or lymphatic drainage system of a host, comprising: 

at least one type of carrier; 
20 at least one type of microparticle; 

means to couple the microparticle to the carrier to form the complex; 

the carrier being capable of enabling the complex to be transported to the circulation or lymphatic drainage system 
via the mucosal epithelium of the host; the canrier being: 

^ (a) adapted to bind to Castle's intrinsic factor and is selected from vitanun 8^2 ^ analogues and derivatives 

thereof, or 

(b) adapted to bind to gastrointestinal mucosa and is selected from a mucosal binding protein such as a bac- 
terial adhesin, viral adhesia a toxin binding subunit and a lectin; 

30 the miCTopartide being a microsphere or microcapsule that entraps or encapsulates a hormone, drug, immunogen, 
DNA component, DNA molecule. DNA analogue. RNA (such as ribozyme) component, RNA molecule or RNA ana- 
logue; 

the microparticle entrapping or encapsulating the substance wherel:^ the substance Is substantially unaffected by 
intestinal digestive suk)stances of the host; and 
35 the micropartide being adapted to release the entrapped or encapsulated substance into the circulation or lym- 
phatic drainage system of the host 



The kit may include a plurality of the same or different carriers and/or a plurality of the same or different miaopar- 
tides. The miaopartides may contain the same substance or different siA>stances. The kit may indude at least one 
4a type of auxiliary molecule such as a targetting molecule and means to couple the auxiliary mdecule(s) to the micropar- 
tide(s). 

)leculesOr,.analcigues thereof 



45 lion is aesii^e'birt'lbr which bral^aftSiiis^i^^ 

Thus typical substances for deliyesry according to the invention indude active sul>stances such as hormones and 
bioactive peptides (and analogues and derivatives thereof) such as LHRH. Vasopressin, oxytocin. Insulin, testosterone, 
interferon, somatotrophin, somatostatin, Erythropoietin, Cdony Stimulating factors (G-CSF, GM-CSF, CSF), PMSG, 
HcG, Inhibin, PAI-II; ttierapeutic agents such as neomycin, salbutamd, pyrimethanmne, penidllin G. methldllin, caben- 

50 idllin. pethidine, xytazine, ketamin HCI. mephensin. GABA, iron dextran. nucleotide analogues or ribozyme. 

Furtiier examples of active substances indude polypeptides such as insulin, somatostatin, sonnatostatin deriva- 
tives (U.S. Pat Nos. 4.087,390, 4,093,574. 4.100,1 17 and 4,253.998). growtti hormones, prolactin, adrenocorticotropic 
hormone (ACTH). melanocyte stimulating hormone (MSH), thyroid hormone releasing hormone (TRH), its salts, and 
derivatives thereof (U.S. Pat. Nos. 3.957.247 and 4.100.152), thyroid stimulating hormone (TSH). luteinizing hormone 

55 (LH), follicle stimulating hormone (FSH). vasopressin, vasopressin derivatives [desmopressin [Folia Endocrindogica 
Japonica 54, No. 5, p. 676-691 (1978)]]. oxytocin, calcitonin, parathyroid hormone, glucagon, gastrin, secretin, panae- 
ozymin. cholecystokinin. angiotensin, human placental lactogen, human chorionic gonadotropin (HCG), enkephalin, 
enkephalin derivatives [U.S. Pat. No. 4.277,394. European patent application Publication No. 31567]. endorphin, kyo- 
torphin. Interferons (a, b. g), interleukins (I. II. and III), tuftsin, thymopoietin, thymosin, thymostimulin, thymic humoral 
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factor (THF), serum thymic tactor (FTS), and its derivatives (U.S. Pat. No. 4.229,438) and other thymic factors [Medidne 
in Progress 125. Na 10. p. 835-843 (1983)]. tumor necrosis factor (TNF). colony stinwlating factor (CSF) motllia dinor- 
phin. bombesin, neurotensin, cerulein. bradykinln. urokinase, asparaginase kalHkrein. substance P analogue and 
antagonist, nerve growth factor, blood coagulation factors VIII and IX. lysozyme chloride, polymixin B. colistin. gramid- 

5 din, bacitradn. protein synthesis stimulating peptides (British patent No. 8232082), gastric inhibitory polypeptide (GIP). 
vasoactive intestinal polypeptide (VIP). pPatelel-derived growth factor (PDGF), yowth hormone releasing factor (GRF, 
somatocrinin), bone morphogenetic protein (BMP), epidermal growth factor (EGF), etc. 

Exanrples of antitunfK)r agents indude bleomycin hydrochloride, methotrexate, actinomycin D. mitomycin C, vin- 
blastine sulfate, vincristine sulfate, daunorubictn hydrochloride, adriamycin, neocardnostatin. cytosine arabinoside. 

10 fluorouracil. tetrahydrofuryl-5- fluorouradl. krestin, pictenil, lentinan. levamisole, besfat'n, azimexon, glycyrrhizin, poly 
l:C, poly A:U and poly ICLC. 

Examples of antibiotics, include gentemidn. dibekacin. kanendomydn. livldomycin, tobramydn. amikacin, fradio- 
mydn, sisomidn, tetracydine hydrochloride, oxytetracydine hydrochloride, rolitetracydine, doxycydine hydrochloride, 
ampidllln. piperacillin, ticarcillin. cephalothin. cephaloridine. cefotiam. cefaulodin, cefmenoxime, cefmetazole. cefazolin, 

IS cefotaxime, cefoperazone, ceftizoxime. mcxolactam, latamoxef, thienamycin, sulfazedn. and azthreonam. 

The aforementioned antipyretic, analgesic and antiinflammatory drugs indude. for instance, sodium salicyfate. 
sult^yrtne. sodium flufenamate. sodium didoffenac, sodium indomethadn, morphine hydrochloride, pethidine hydrochlo- 
ride, levorphand tartrate and oxymorphone. Examples of the antitussives and expectorants may be mentioned ephe- 
drine hydrochlorkJe. methylephedrlne hydrochloride, noscapine hydrochloride, codeine phosphate, dihydrocodeine 

20 phosphate, allodamide hydrochloride, chlophedianol hydrochloride, picoperidamine hydrochloride, doperastine. pro- 
tol-lol hydrochloride, isoproterenol hydrochforide, salbutamol sulfate and terbutaline sulfate. Examples of sedatives 
Indude chtorpromazine hydrochforide. prochlorperazine, trifluoperazine, atropine sulfate and scopofamine methylbro- 
mide. The muscle relaxants include, among others, pridlnol methanesulfonate, tutx)curarine chloride and pancuronium 
bromide. The antiepileptics include, for instance, sodium phenytoin, ethosuximide. sodium acetazolamide and chlo- 

^ rdiazepoxide hydrochloride. Examples of antiulcer drugs indude metodopramide and L-histidlne monohydrochlorkie. 
Examples of antidepressants Indude imipramine. domipramine. noxiptiline and phenelzine sulfate. The antiallergic 
drugs indude. anxjng others, diphenhydramine hydrochloride, chlorpheniramine maleate. tripelenamine hydrochloride, 
methdilazine hydrochloride, clemizde hydrochloride, diphenylpyraline hydrochloride and methoxyphenamine hydro- 
chforide. The cardiotonics indude, among others, trans- p - oxocamphor. theophyllol. aminophylline and etilefrine 

30 hydrochloride. The antiarrythmic agents indude. for instance, propranofol hydrochloride, alprendol hydrochloride, bufe- 
tolol hydrochloride and oxyprenolol hydrochloride. The vasodilators include, among others, oxyfedrine hydrochloride, 
diltiazem hydrochloride, tolazoline hydrochloride, hexobendine and bamethan sulfate. The antihypertensive diuretics 
indude. among others, hexamethonium bromide, pentolinium. mecamlamine hydrochloride, ecarazine hydrochloride 
and clonidine hydrochlorldei. Examples of antidiabetics include sodium giymidlne, glypizide, phenformin hydrochforkJe, 

35 buformin hydrochloride and'metforitiin. The anticoagulants indude, among others, sodium heparin and sodium citrate. 
The haemostatic agents indude. among others, thromt)oplastin. thrombin, menadione sodium bisulfite, acetomenaph- 
thone, e-amino-caproic acid, tranexamic acid. cait)azochrome sodium sulfonate and adrenochrome monoaminoguani- 
dine niethanesulfonate. AnK)ng antituberculotics are isoniazid, ethambutol and sodium p-aminosalicyiata The 
hormone drugs are exemplified by prednisolone sucdnate, prednisolone sodium phosphate, dexamethasone sodium 

40 sulfate, betamethasone sodium phosphate, hexestrol phosphate, hexestrol acetate and methimazole. The antinarcotic 
agents Include, among others, levailorphan tartrate, nalorphine hydrochloride and naloxone hydrochloride. 

Suitable carrier molecules Indude Vitamin B12. a Vitamin 6^2 analogue or derivative (as described in 
PCT/AU86/00299), or a lectin, or lectin-Uke** molecule (such as that described In W086A)6635). 

Suitable can^ier molecules also include bacterfal adhesins. viral adheslns, toxin binding subunlts and lectins, as well 

45 as Vitamin B^2 ^ analogues thereof. 

Analogues of Vitamin B12 for use as carriers for miaopartlcles include cyanocobalamln. aquocobalamin. adenosyl- 
cobalamin, methylcobafamin, hydroxycobalamin, cyanocobalamln carbanalide. 5-0-methylbenyteobalamln, and the 
desdimethyl. monoethytamide and methylamide analogues of all of the preceding analogues, as well as coenzyme B^2» 
5*-deoxyadenosylcobalamin. chlorocobalamin, sulfltocobamin. nitrocobalamin. thiocyanatocobalamin, 5,6-dlchloroben- 

50 zimadazole, 5-hydroxybenzimidazole, trimethylbenzimidazole, adenosylcyanocobalamin, cobalamin lactone, cobala- 
mln lactam, and analogues in which the cobalt is repfaced by zinc or nickel or the corrin ring Is replaced by a substituent 
which does not affect the binding capacity of the analogue to IF. 

Derivatives of Vitamin B^2 for use as carriers for micropartides Include the anilide, ethylamide, monocartx)xylic and 
dicartx)xylic acid derivatives of Vitamin B^g and its analogues as well as tricartKxxylic acid or proprlonamide derivatives 

55 of Vitamin B12 or its analogues. They would also indude molecules in which alterations or substitutions had been per- 
formed to the Conrin ring [viz:-cyano (13-epi) col>afamin Co a-(a 5,6-dimethylbenzimidazoyl)-Co. b-cyano-(13-epl) 
cobamic a,b.c.d,g. pentaamide. adenosyl-10-chlorocobalamin, dicyanobyrinic heptamethyl ester, cyanoaquacobyrinic 
acid pentaamide], or where cobalt had been replaced by another metal ion (viz:- nickel, zinc, etc) or various anion or 
alkyi substituents to the comn ring such that the binding capadty of the molecule to intrinsic factor is unaffeded. The 
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mucosal epithelial cells will take up the intrinsic factor-vitamin B^g conplex including the miCToparlide, such as a micro- 
sphere or miaocapsute attached to the vitamin (or suitable analogue) and transeprthetially transport the micro- 
spher or microcapsule and deliver them into the circulation where the enclosed substance such as a hormone, drug, 
immunogen, or DNA or RNA (such as ribozyme) component, molecule or analogues thereof can act 

Derivatives and analogues of vitamin B^2 discussed in Schneider, Z. and StroinsW, A.; Comprehensive 
Walter De Gruyter; Berlin. NY: 1987, the disclosure of which is incorporated herein by reference. 

Similarly, if a micropartide, such as a microsphere or microcapsule is administered orally and complexed to a car- 
f \& protein possessing binding activity to the mucosal epithelium, the cells of the mucosal epithelium take up those mol- 
ecules including the microparticles, such as mfcrospheres or microcapsules attached to the canier proteins and present 
the miaosphere or microcapsule to the circulation where the sul5stance such as a drug, homnone, immunogen or DNA 
or RNA (sudi as ribozyme) component, molecule or analogues thereof enclosed therein can act 

raymeris suitable for the formation of microspheres by solvent evaporation (in liquid drying) include, amongst oth- 
ers. Poly-ladc acid. . P0ly(ljactide/co^lycolide), Pdy-hydroxybutyrate. Pdly-hydroxyvalerate^ P^^^ 
tyrati^erate), Ethyl cellulose, Dextran. Polysaccharides Polyalkylcyanoacrylate. Poly-methyl-methacrylate, p6ly(e- 
caprd^ctone) a^^ co-polymers of the above. 

F^yrjo^rc s^ of microspheres bv interfacial precipitation/oolymerlzatiom Include, amongst 

othersi EUDRAGIT^; Poly(N°,N®-L-lysinediylterephthatoyi); polymers formed by the reactidn of: Ly^^^^ 
ahd j>pWhaloyi dichloride; by the reaction of acryloylated rmltqdextrin or aayloylated hydrcbcyethyl stsirdrt^ 
nium peroxodisuHate and N,N.N\N'-tetramethylethylenediamin#Micr6spheres can also be fwrried b^^^^ 
tipn such as ethylene diamine, phenylenediamine, toluene diamine, hexamethyfene diamine, :0r 

dliofs^ bisphenol. resordnol. catechol, pentanediol. hexanediol, dodecanediol, l,4butanedlol, whh 

'diactdchkiiraj^'sik^ as sebacoyi chloride and adippyl chloride, or diisocyanates such as hexamethytene diisocyanate 
using the methods fully described in EP-A-85870002.4, the disdosure of which Is incorporated herein by reference. 

, Polymers suitable for the formation of microspheres by polvmer phase separation indude co^^vi^ Ghlo- 
rideryiriyl ailc^d^^ ^icetatf), cellulosic polymers; polyvinyl acetate, pdyvihyl alcohol, poiyviriylcKld^^ 
synthetic rubbers, ppiyacrylates, polystyrene and the like. Methods and materials to synthesize such miaospheres are 
fully described in US Pat. No. 4,166,800, the disdosure of which is incorporated herein by reference. 

Polymers suitable for the formation of microspheres t)y complex coacervation Indude. amopgst others, mixtures of 
poh^fons, sych as gum ar^lc.;algin 

: y>Ohyi suiftM^^ acid, l^-13yajyiC addrcarrageehan, heparin sulptWte, po^hb^if^^^ 

ti6ns;.sui5h^spql>i^ gelatin. 

P^?"? microspheres by Pohmfier/Polvmer incompatability indude. amongst others, 

ethyl cellulose; Ethylene vinyl acetate polymer. P6ly(la(itide), or Ptoly(vfnylkJene cWoridfe) mix6d With pkjiiymle^^ 
Poflyettiylene, Silicone. Polyisdt)^ 

plhiBr nriaterials suitable for foriDatton of miaospheres mclu^^^ Starch. Cross-linked Albumen, Pdyacrylamide. 
Cross-linked gelatin and others obvious to those sWIIal in ithe aii o^^ Materials suitable for the 

formation of miaospheres. and metiiods for tiie preparation of microspheres, are desaibed in US Pat. Nos. 3.936.573 
and 3.962,414, the disclosures of which are incorporated herein by reference. 

According to tiie present invention there is also provided a process for the productfon of a complex of the invention, 
which process comprises one or more of the following steps : 

(a) reacting microparticles with a carrier molecule to form the complex; 

(b) chennically modifying a carrier molecule to provide at least one functional group capable of forming a chemical 
linkage and reacting a micropartide and the modified carrier molecule to form the complex; 

(c) reacting microparticles with at least one cross-linking agent and reacting the reacted micropartides with a car- 
rier molecule to form the complex; 

(d) reacting a camer mdecule with at least one cross-linking agent and reacting micropartides with the reacted car- 
rier molecule to form the complex; 

(e) reacting miaoparticles and a carrier with at least one cross-linking agent to form the comp'ex; 

(f) reacting miaoparticles with at least one cross-linWng agent, reacting a carrier molecule with at least one cross- 
linking agent and reacting the reacted miaopartfoles and the reacted carrier molecule to form the complex; or 

(g) reacting a carrier molecule with a hydrophobic moiety and reacting micropartides with the reacted carrier mol- 
ecule to form a complex non-covalentiy bonded by hydrophobic interaction. 

As an example of reaction (g) above, in order to link Vitamin 8^2 to the surface of micropartides which have no 
readily available chenr«cal groups suitable for chemical conjugation, it is possible to prepare a complex of Vitamin B^g 
to an hydrophobic moiety which can insert, non-covalently, into the surface of the micropartides. Such a molecule is 
easily added at the time of formation of ttie microparticles. The strength of th hydrophobic association is such that 
there is only a very slow dissodation of the Vitamin B12 from the mforopartides under physiological conditions. Simi- 
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iarly, other carrier molecules may be reacted with hydrophobic moieties, for formation of an hydrophobicalty-associated 
complex with a microparticle. 

Suitable hydrophobic moieties which can be used for reacting with a earner molecule ar aliphatic or aromatic 
chains or amphipathics containing a water soluble head and a lipid soluble tail suitable for hydrophobic association 
within an hydrophobic environment. Examples include oleic acid, octanoic add, linoleic acid, stearic acid, palmitic acid 
or glycerophosphoric acids, which miay be directly conjugated to an amino group of a canier molecule using a suitable 
carbodiimide (for example dicyclohexylcarbodiimide (DCC). or 1-ethyl-3-(3-dimethyiaminopropylcartxxliimide (EDAC)). 
Similarly, any amphrphathic molecule possessing an amino-group . for example amino-hexane. amino-decane, amino- 
dodecane. amino>tetradecane. amino-hexadecane or phosphatidyl-ethanolamine. may be conjugated directiy to car- 
boxy! groups using carbodiimides. 

Altematively, ttie carrier molecule may be linked covalently, directly or indirectly to the microparticle. Where a cross- 
linking agent is used, the aoss-linking agent may contain a disulfide bond or be cleavat)le by acid, base or periodate. 
Examples of cross-linking agents include : N-(4-azidophenyithio)-phtiialimide; 4.4'-dithiobisphenylazide; dithio-bis- 
(succinimidyl-propionate); dimethyl-3.3*-dithio-bis-propioninwlate.2HCI; 3.3''<lithio-bis-(sulfosuccinimidyl-propionate); 
ethyl-(4-azidophenyl)-l .3*-dithiopropionate; sul1b-succinimidyl-2-{m-a2!do-o-nitrobenzamido)-ethy!-1 .3'-dithiobutyrimi- 
date.HCI; N-succinimidyl-(4-a2ido-phenyl)-1.3'dithiopropionate; sulf6-succinimidyl-2-{m-azido-o-nitro-benzamido)- 
ethyl-1 .3*-dithiopropionate; sulf6-succinimidyl-2-{p-azido-salicylamido)-ethyl-1 ,3*-dithiopropk)nate; N-succtnimidyl-3-(2- 
pyridylthio)propionate; su!fosuccinimidyl-(4-azidophenykJithio)-propionate; 2-iminothiolane; disuccinlmidyl tartrate; bis- 
t2-(succinimidyiQxycarbonyloxy)-ethyl]-sulfbne and cart)odiimides. A description of suitatJe carbodiimides is provided in 
Khorana. H.G. (1953) Chem. Rev. 53: 145-166, the dsclosure of which is incorporated herein by reference. 

Examples of suitable methods of reacting vitamin B^2 (VB^a) derivatives wrtii funcUonalised micropartides indude: 

ffl. Reaction of caiboxv-VBj ^ wHh amine 

EDAC 

VB,2-C00H + NH2-R = = = > VB,2.C0NH-R + HjO 



m. Reaction of carboxv-VB^ witti phenol 

EDAC 

VB^2-C00H + HO-Ph-R = = = > VB^j-CO-O-Ph-R -hH^O 



f iii) Reaction of amino- VBj ^ with cariaoxvlates 

EDAC 

VB,2-NH2 + COOH-R = = = > VB^j-NHCO-R + HjO 

Methods of coupling vitamin B12 derivatives to various functional groups are also described in US Pat. No. 
4.465.775, United Kingdom Patent No. 1 ,345,327 and US Pal No. 3,981 .863. the disclosures of which are incorporated 
herein by reference. 

Suitable cross-linking of the carrier and the miaospheres may be achieved by acid hydrolysis of the amide side 
groups of the propionamide side chains adjacent to rings A. B, C or D of Vitamin B^g and coupling to suitable side 
groups of the microspheres. 

The carrier molecule or cross-linking agent may react with a functional group or a modified functional group present 
on, or introduced onto the surface of the micropartide. Suitable functional groups for reaction virith the carrier molecule 
or cross-linking agent include carboxyl, hydroxyl, amino, thio, amido, hydrazo, azido, phenolic, ester, aldehyde, ketone, 
sulfate, halo, phosphate, isocyanato and isothiocyanato groups. Suitable reagents for modification or introduction of 
functional groups indude hydrazine, periodate. permanganate or other oxidising agents, borohydrides, metallic 
hydrides or other redudng agents. 

Alternatively, a spacer nx)lecule may be used to link the canrier molecule to the microparticle. Examples of such 
spacer molecules indude bif unctional nriolecules such as diamines, dicarboxylic adds, diols, aminocarboxyltc adds. 
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dithiols, diesters, diphenols. and other tike molecules. 

Advantageously, using a complex of the present Invention, a sul>stare:e such as a hormone, drug or immunogen 
can be presented via the mucosal epithelium of a host, in a pharmaceutically active form to the circulation or lymphatic 
drainage system of a host. Initially, micropartides such as microspheres or microcapsules, containing a substance such 
as a pharmaceutically active agent, are prepared and linked, generally covalently. to a suitable canrier (generally a 
mucosal binding protein or Vitamin B12 or an analogue or derivative thereof) such that the carrier maintains its ability to 
interact with the intestinal mucosa or intrinsic factor (respectively). Then the micropartides are administered orally to a 
host and as a result of this administration the carrier-miaopartides and the substance contained therein pass into the 
circulation or lymphatic drainage system of the host. In this fashion the substance is protected from the degradative 
contents of the intestinal milieu, and the uptake capacity of the carrier is amplified. 

Thus, a complex according to the first embodiment of the present invention overcomes the disadvantages inherent 
In the mucosal binding protein and Vitantin B^g uptake system, viz:- the need for substances, such as pharmaceutical 
agents, to be resistant to gastro-intestinal enzymes and pH conditions, as welt as the limited uptake capadty of the 
uptake systems. 

The present invention relies on the ability to entrap substances, which are generally small molecules, such as hor- 
mones, proteins, peptides, drugs, etc. within a matrix or capsule, generally fabricated from a suitable polymer, in such 
a way as to form very small micropartk:les such as microcapsules or microspheres. Once trapped within these micro- 
partides it is possible using suitable chemistry to link, generally covalently link, these micropartides to a suitat>le carrier. 

A system for oral delivery of an active substance coupled directly to Vitamin 8^2 is limited in the amount of active 
substance that can be delivered by the uptake capacity of the tF-dependent uptake mechanism. In humans, this mech- 
anism can only deliver 1-2 pg doses of vitamin 8^2 feeding (see Cobalamia Biochemistry and Pathoptrysioiogy, Ed 
8abior, B.M., Wiley-tntersdence. NY, 1975.) Similarly, when microencapsulated active agents are administered orally, 
typically only from 0.1% to 1% of the active agent administered is delivered into the bkxxistream (Gruber, R. Longer, 
M.A. and Robinson, K.J.R. 1987: Some Bioiogicai issues in Oral Controiied Drug Delivery, Adv. Drug Delivery Rev. 1: 
1-18). 

Using carrierHnk^roparticle complexes of the present invention, however, there is the potential to amplify the uptake of 
a substance administered orally, some 10 to one mfllion times (depending upon the size of miaopartide and the load- 
ing) as well as to protect the entrapped substance, typically a pharmaceutical agent, from Intestinal digestive sub- 
stances of the host, typically, gastrointestinal enzymes. By choosing a suitable substance for the miaopartide such as 
a bto-degradable polymer the entrapped substance is released once the canier mediated uptake system has delivered 
tiie canrier-microsphere complex to the drculation. 

Amplification of Vitamin 8^2 uptake capacity by the incorporation of pharmaceutical active agents into micro- 
spheres is illustrated in tiie fdlowing Table 1 . 



Table 1 



Amplification of Vw Vitamin 812 uptaiie capacity by the incorporation of piiarmaceuticaliy active agents 

into microsptteres, Totai deiivery to man. 


IMicrosphere diameter 
(nm) 


Volume (cc) 


Weight of 
microspheres^ 


Weight of 
pharmaceutical^ 


Quantity delivered^ 








Inm 


0.001-0.01 nm 








1nm + VB12 


0.1 - 1 nm 


20 


4X10-^® 


2.4 mg 


240 ng 


0.24 - 2.4 ng 


20 


4X10-^® 


2.4 mg 


240 ^ig + VB^2 


0.24- 240 |ig 


200 


4 X 10"^^ 


2.4 gm 


240 mg 


0.24 - 2.4 mg 


200 


4 X 10"^^ 


2.4 gm 


240 mg -i- VB12 


0.24- 240 mg 


2000 


4x10-^2 


2.4 kg 


240 gm 


0.24 - 2.4 gm 


2000 


4X10-^2 


2.4 kg 


240 gm -f VB12 


0.24 - 240 gm 



Data is calculated from the uptake capacity' for Vitamin B|2 of 1 nanomde per feed m man, which represents 6X10^^ 
molecules of Vitamin 8^2- 

2 Eacti microsphere would be loaded to a 1 0 % drug loading. 

3 With normal unassisted uptake approximately 0.1 - 1 % of the dose of an orally administered phanmaceutical will aoss the 
intestinal wall and enter the circulation. The Vitamin 8^2 uptake mechanism has the capacity to amplify this uptake by at 
least one hundred fold. 
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A particular advantage of the carrier-microparticle complexes of the present invention compared with the carrier- 
active agent complexes of the prior art is that there is no chemical modification of the active substance in the com- 
plexes of the present invention. 

BEST MODE AND OTHER MODES FOR CARRYINq nUT THF_ IMVENJION 

Microspheres containing a substance such as a hormone, drug, immunogen, or DNA or RNA (such as ribozyme) 
component, molecule or analogues thereof, are prepared typically by one or more of a number of techniques convnonly 
known to those knowledgeable In the art including :-Solvent evaporation. Complex coacervation, Polymer/|x)lymer 
incompatibility. Gelation. Interfadal polymerization and Thermal denaturation. 

For oral delivery microspheres are complexed with a carrier molecule by direct reaction or by use of cross-linking 
agents to provide a complex in which the canrier molecule is still able to undergo the binding reactions required for the 
uptake and transport of the complex and the pharmacological activity of the entrapped active substance is maintained. 
The carrier molecule is a mucosal binding protein or Vitamin B^g' ^ ^ analogue or derivative of Vitamin B12 possess- 
ing binding activity to Castle^s intrinsic factor. 

A medicament containing an effective amount of the complex is formulated by mixing tiie complex witii a pharma- 
ceuticaily acceptable carrier, diluent excfpient and/or adjuvant. The medicament is prepared so as to be suitable for 
administration to a patient requiring treatment such as one or more of the conditions outlined in the body of the speci- 
fication. The medicament is prepared using ^andard pharmaceutical technk^ues. 

It is recognised that a number of Victors will affect the determination of an appropriate dosage for a particular 
patient Such factors include the age, weight, sex. general health and concun^ent disease states of the patient The 
determination of the appropriate dose level for the particular patient is performed by standard pharmaceutical tech- 
nk^ues. 

The medicament is orally administered to the patient in an amount such tiiat an appropriate effective dosage of the 
substance in the complex contained In the nnedk;ament is delivered to the circulation or lymphatic drainage system of 
the patient 

The invention is further described with reference to the following examples which are in no way limiting on tiie 
scope of the invention. Throughout the following examples, reference to "VB12" is to be taken as reference to Vitamin 
8^2- 

BXAMPLE1 

Prepamion of nUcrospheres bv Coacervation 

Almost any protein can be used as the matrix for entrapping drug via the desolvation technique, however prefenred 
proteins according to tiie invention include bovine serum albumen (BSA), OvaOximen (OA), collagen. 

Microspheres were prepared by coacen^ation of BSA following desolvation. according to the method of Oppenh^m 
(Oppenheim. 1986. Oppenheim et al 1964. 1982), Briefly a 40% ammonium sulphate solution was added dropwise to 
a solution of 1 % BSA containing 0.5% Tween 20 and the turbkJity nwnitored by Klett readings, until tiie turbWity rose 
rapkfly. At tiiis point (determined by experimentation) the solution was placed in an ultra-turrax and 600 ul of glutaral- 
dehyde added to cross-link the nanopartides. Cross-linking was stopped by tiie addition of a solutton of 12% sodium 
metabisulfite. 

Particles were then washed extensively with distilled water prior to coupling to the amino-derivative of Vitamin B^2- 
EXAMPLE 2 

Inoomoratlon of hteomycin Sulpf^at^ 

For incorporation of tiie antibiotic, neomycin sulphate, neomycin sulphate was dissolved at 10 g/1 00 ml of the 
BSA/Tween solution. Desolvation and cross-linking was carried out as described in Example 1. 

ProMration of Insulin Microsphams 

Insulin microspheres were prepared in a similar fashion to tiie BSA microspheres except tiie initial desolvation was 
achieved by tiie dropwise addition of 0.1 N HQ, while resolvation was achieved by the addition of 0.1 N NaOH. 
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EMSSPLE4 



Coupling of microspheres to amino-ethvl-Vhamin 

The monocartX)xyllc acid derivative of Vitamin B^g was prepared as previously described t>y Allen and Majerus 
(1972). The diamino-elhane derivative of COOH-Vitaniin B12 was prepared by reacting N,N-dicyclohexyl carbodiimide 
with a solution of diaminoethane (pH 6.5). The amidated derivative was purified by HPLC. 

Proteinaceous microspheres were coupled to amino-ethyl Vitamin B^2 ^ reaction with N.N-dicyclohexyl carlxxJi- 
imide. 



The VBi2-microsphere complex can be adirtnislered orally by feeding in a solution of 0.1 M carbonate buffer pH 

9.5. 

Uptake of the VBi2-microspheres occurs via the intrinsic factor mediated VB12 uptake mechanism. 
EXAMPLE S 

Preparation etYB^ ^Upfd comptexes for hydrophobic insertion into m icrospheres 

a) Preparation of VB^-ohosohatidvl ethaneteminft (VR^.pF/^) 

Phosphatidylethanolamine (PEA. lOOmg) was dissolved in 2 ml chtorofomVmethanol (50:50. vAr). Monocarboxyl VB12 
("e" isomer) (100 mg) was added to the mixture. The monocarboxylic acid isomer was then cross-linked to the PEA by 
the additfon of 200 mg of the carbodiimide, 1-^yf-3-(3-dimethylaminopropyl)carbodiimide (EDO or EDAC). The reac- 
tion was allowed to proceed tor 90 minutes prior to the addition of the VB12-PEA to microspheres. 

b) Preparation of other complexes between VB^ g and an hydrophobic moiety 

Coyaient complexes can be made between analogues of VB12 and almost any aliphatic or aromatic chains or amphip- 
athlc molecule containing a water soluble head group suitable for corrugation and a lipid soluble tail suitable for hydro- 
phobic associatton within an hydrophobk: environment. Thus, any lipid (saturated, unsaturated or polyunsaturated) 
which has a carboxylto ackl head group, such as Oleic acid, octanoic acid, linolekj acid or glycerophosphoric acWs may 
be directly conjugated to an amino-VBi2 derivative using a suitable carbodiimide (EDAC or dicyclohexyicarbcdiimide. 
for example). Similarly any amphiphathic molecule possessing an amino-group (amino-hexane. amino<lecane. amino- 
dodecane, phosphatidyl-ethanolamine) may be conjugated directly to carboxy-VBi2 using carbodiimides. 



a) Preparation of VBjg-PEA>rPolvmethvlmet hacrvlate1 mjcrospheres 

Polymethylmethaaylate (PMM. Polysciences)(MW 12.000; SOOmg) was dissolved in 2 ml of dichloromethane 
(DCM). The PMM in DCM was then added dropwise to 20 ml of 0.25% Polyvinylalcohol (PVA) while homogenizing at 
13,500 rpm with a Janke & Kunkel Ultraturrax. After 1 minute, 200 ^1 of VB12-PEA was added and stirred gently over- 
night. The pink microspheres were then harvested by centrifugation, washed three times with water and lyophilized. 

b) Preparation of VBj ^-rPEA-Polv-lactic addl microspheres 

Poly-lactic acid (PLA. Polysciences)(MW 50.000; SOOmg) was dissolved in 3 ml of DCM and then homogenized into 
20 1% PVA at 13.500 rpm on an Ultraturrax T25 with an S25F probe for 5 minutes. VB12-PEA (400 fil) was added while 
the solution was stirred gently Microspheres were harvested as described abov . 

c) Preparation of VBio-PEA-rPolv-Hvdroxy-butvrateAQleratel micrpsoheres 

Poly-Hydroxy-butyrateA/alerate (9% valerate) (ICI; 500 mg) was dissolved in 5 ml of DCM and homogenized into 20 



EXAMPLE S^ 



Oral feeding 



EXAMPLE ? 
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ml 1% PVA at 13,500 rpm n an UHraturrax T25 with an S25F probe for 5 minutes. VB^g-PEA (400jil) was added and 
the spheres processed as descrit)ed in 8tx 

EXAMPLES 

Covalent conjugation of VB^ to micmsoheres with surface carboxvl groups 

A general method for the conjugation of VB^2 to the surface of microspheres made from polymers with free car- 
boxyl groups is outlined below. The specific example utilizes commercially available carboxyl-modiffied microspheres. 
Polysciences Fluoresbrite"^ carboxylate Microspheres (2.5% Solids Latex) were obtained from Pdysciences in sizes of 
0.045um. 0-49um. 2.2um and 9.97um. One ml of each of the preparations was washed extensively with distilled (DW) 
and resuspended in 200 ^1 of distilled water. To each preparation was added 1 .5 mg aminododecyl VB12 then 5 mg of 
EDAC. Each preparation was allowed to react overnight, after which unreacted material was removed by repeated 
washing with DW or by dialysis against DW. 

ECAMELES 

Sprfac0 {ferfvatfzatlon of mfcrosoiwrBs 

Many polymers used in the preparation of microspheres by solvent evaporation do not contain funcb'onal groups for 
direct conjugation to VB12 or its functionalized analogues, however it is possible to modify the surface of the prefonmed 
microspheres to introduce functional groups suitak)le for conjugation to VB12- 

a) Surface derivatization of PoMactic add f PLA) microspheres 

A preformed PLA microspheres (10 mg) were gently suspended in DW (350 fil) by rotation on a rotary shaker for 2 
hours. Hydrazine hydrate (10 was added and the suspension was shaken overnight at room temperature. The 
spheres were spun down and repeatedly washed with water by re-suspension and centrifugation. The washing proce- 
dure was repeated until the supernatant failed to give a positive hydrazine test (purple colour upon reaction with a solu- 
tion of trinitrobenzenesulfonate; 1 mg /ml). The spheres were washed a further two times and the wet pellet used 
directly for conjugation to VBi2- 

b) Conjugation of VB^ to hydrazine modified PLA mjcrosoheres 

A sample of the hydrazine nKxfified PLA microspheres (3^ll wet pellet) was suspended in DW (250jil)- Aqueous 
solutions of the "e" monocarboxylic add isomer of VB^g ("e"CBi2)(10 mg/ml. 400fil) and EDAC (100 mg/ml, 100 fU) 
were added and the reaction mixture shaken overnight at room temperature. The suspension was spun down and the 
supernatant removed. The pellet was washed repeatedly with DW (6 washes). The residual pellet, which was pale pink 
in colour, was vacuum dried prior to measurement in the IF assay 

Two control reactions were performed concurrently with the above conjugation. In the first a 3 mg sample of hydra- 
zine-modif led PLA microspheres was treated with the "e"CBi2 as descrfoed above but DW was used in place of the 
EDAC solution. In the second control a 2 mg sample of unmodified PLA microspheres was treated with both "e"CBi2 
and EDAC as described above. For both controls the pellet remaining after repeated washing was a dear white colour 
with no evidence of any assodated VB12- 

EKAMELEIQ 

iMM^Eo^or binding ^M^x. 



The ability of various VBi2-microsphere preparations to bind to pordne intrinsic factor was assessed in an intrinsic 
factor binding assay 

VB12 and VBig-'Tiicrosphere preparations were diluted out in slx-tenfoW dilutions in IF buffer (1 mg/ml BSA [B12 and 
IF deficient; Sigma #A-3902] in 0. 1 M Phosphate buffer pH7.5). To 225 jU of IF buffer was added 25 pJ of the above dilu- 
tions. Co^VBi2 (0 25 ml. 0.25 ng in IF buffer) was then added to each sample. Pordne IF (0.25 ml; 1 \\}M in IF buffer) 
was then added and the material allowed to incubate at RT for 20 min. BSA-coated charcoal (0.25 ml; 0.5% BSA (B^g 
and IF free) plus 2.5% charcoal) was added to each sample, vortexed and then centrif uged. The supernatant from each 
sample was then counted on a gamma counter set for counting Co^. Results were determined as a percentage inhibi- 
tion of the Co^'^-VBi2 binding. 
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EXAMPLE 11 

Estimation of !F binding actMtv of VB^ microspheres 

Microspheres prepared with VB12 surface coating were examined for IF binding as described ^ve. The percent- 
age binding is presented in the table below. 

Table 2. IF binding of various VB,2*microsphere preparations. 



2a> IF binding bv VB-Carboxvlate microspheres (See Example 8) 



Microsphere 
preparation 


MS weight 


% Inhibition of 
binding^ 


Carboxylate 9.97 pm 


0.625mQ 


27% 


Carboxylate 1 .87 pm 


62.5//g 


62% 


Carboxylate 0.49 pm 


6.25^g 


40% 


Carboxylate 0.045 pm 


0.625//g 


90% 



^ Data is presented as the percentage inhibition of binding of Co^B^j'^o ^ ^ 



2b. IF binding bv VB^-PEA coated microsnhPras 



IVIicrosphere 
preparation 


Microsphere weight^ 


VBt2-PEA-PMM 
microspheres^ 


140 //g 


VB,2-PEA.PLA 
micros pheres^ 


^00pQ 


VB,2-PEA-PHB/PHV 
microspheres^ 


75 fjg 


"e"VB,2-hydrazide-PLA 
microspheres^ 


100 fjg 



^ Data is expressed as the weight of microspheres which could showed 
equivalent IF binding as 10 ng of VB,^^ 
^ Microspheres prepared as in Example 8. 
^ Microspheres prepared as in Example 9. 
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EXAMPLE 12 

Covalent con!uaatfon of Mucosal lmmunoaens to Fluorescent m!cmsphems 

Amino-ethyl deiivatized Polysciences Ruoresbrite™ carfooxylate Mlaospheres (2.5% Solids Latex) In sizes of 
0.045jim, 0.49nm, 2,2\m and 9.97fim were prepared by the addition of 500 |il of 0.1 M diaminoethane pH 6.5 to 2 ml 
of spheres suspended to 2.5%. Surface modification was then obtained by the addition of 50 mg of dry EDAC to each 
preparation. Unreacted material was removed by centrHugation and washing with DW. Finally microspheres were 
resuspended in 3 ml of DW. The spheres were then separated into 3 X InnI aliquots and treated as follows :- 

a) Conjugation to LTB 

Annino-ethyl microspheres were activated with glutaraldehyde by the addition of 40 of a 25% solution of glutaralde- 
hyde plus 100 |il of 0.1 M sodium phosphate buffer pH 6.5. After reaction for 20 minutes at room temperature 100 ^1 of 
1 M HCL was added to the spheres which were then washed twice by centrifugation and resuspenslon In 10 mM HQ. 
Finally the spheres were resuspended in 1 ml of DW. LTB (2 mg in 1 ml 0.1 M carbonate buffer pH 9.5) was then added 
and allowed to coi^gate to the activated microspheres overnight. Rnally the SchifTs base formed during the conjuga- 
tion was stabilized by reduction with 200 ^1 of cold sodium baohydride for two hours on ice. The mlaospheres were 
then washed 3 times in 0.1 M cartjonate buffer. pH 9.5, and resuspended in 500 fil of the same buffer. Mlaospheres 
were then stored at 4''C until used for oral feeding. 

b) Conjugation to K99 pill 

Glutaraldehyde activated amino-ethyl microspheres (prepared as desribed in Example 1 3a) were conjugated to K99 pili 
by the addition of 2 ml of K99 pili (1 mg/mO plus 100 pi of 0.1 M carbonate buffer and reaction overnight at room tem- 
perature. 

The Schiffs base was reduced and the mlaospheres washed as described in Example 12a. 

c) Coniuaationto987Ppili 

Amino-ethyl miaospheres (1 mi) were conjugated to 987P pill (2 mg in 200 ^1 DW) by the addition of 20 mg of EDAC. 
After reaction overnight the spheres were washed with 0.1 M cart)onate twffer, pH 9.5, as described previously. 

Example 13 

Oral administration of FluoresbrltB Microspheres coniuaamd to VBj^ 987R K99 and LTB 

Ruoresbrite Microspheres conjugated to VB12. 987R K99 and LTB were orally administered to conscious mice using a 
suitable feeding needle. At various times after oral administration the mice were killed by cervical dislocation and ttie 
small Intestines removed surgically. The Intestinal contents were then removed by washing the intestines with a solution 
containing 0.1 % Tween 20 In 0.1 M phosphate buffer pH 7.4. The small intestine was then cut Into four sections, filled 
witii embedding media and frozen prior to sectioning in a cryostat Sections were examined by light microscopy using 
a ZEISS fluorescent microscope. 

Close examination of sections obtained from mice fed microspheres conjugated to either VB^g. ^^^P. K99 or LTB 
revealed very similar pattems of binding of spheres to the tips of intestinal epithelial cells. Miaospheres of sizes 0.047 
|im, 0.45 ^im and 1.87 \im could be seen clearty adhering to the tfps of tfie epithelial cells within 2 hours of feeding, 
regardless of which nx>lecule the microspheres were coated with. The pattern of binding varied somewhat depending 
upon the coating of tiie microspheres, tiius VB12 coated microspheres were found to bind mainly to the cells of the 
ileum and lower jejunum, while mlaospheres coated with LTB were found to bind down the entire length of the small 
intestine. Microspheres coated with either 987P pili or K99 pili were found to bind most predominantiy in the jejunum. 
In some sectfons, microspheres of up to 0.45 }im ^)peared to have entered the body of the epithelial cell. 

Example 14 

Oral Administration of PLA Mlcrosolwres containing l ^-BSA and coated with VB ^PEA 

Two preparations of PLA microspheres were syntiiesized as described previously. Prior to synthesis P^^-BSA was 
added to the PLA in DCM. VBi2-PEA was added to one of the preparations during the solvent evaporation step. Solvent 
was evaporated overnight, after which the microspheres were washed extensively with distilled water. Miaospheres 
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suspended in 0.1 % BSA in saline were then fed to feniale Swiss nfiice. At various times after feeding, the nmce were 
bled from the retro-orbital plexus and 1^^^ counts determined in a Beckman gamma counter. 



Tables 



Uptake of P^^-BSA incorporated into PLA spheres or PLA spheres 
coated with VBt2-PEA 


Microsphere preparation 


Counts in the blood* 




T60 


T150 


T240 


PLA 


0.76 ±0.1 9 


0.56 ±0.02 


0.51 ±0.02 


PLA + VBi2-PEA 


1.61 ±0.14 


1.15 ±0.01 


1.29 ±0.02 










p-value 


<0.01 


<0.01 


<0.01 



* Counts are represented as the percentage of counts released from the 
stomach of mice fed the various microsphere preparations. The data are 
presented as the average of three mice ± 1 standard deviation. 



As can be seen from the data, there was a highly significant increase in the amount of BSA which was taken up 
into the btood in mice fed VBi2-PEA microspheres in comparison to those fed the PLA spheres abne. 

INDUSTRIAL APPUCABIUTY 

The present invention provides a simple and novel technique for the specific protection of active substances com- 
prised within a complex during their transit down the Intestine, prior to Intrinsic Factor or mucosal binding protein medi- 
ated uptake of the complexes. The invention also provides a method for the anplification of the VB12 uptake system. 
Thus the present inventron provides a simple and novel technique for the specific protection of active substances from 
enzymatic degradation as well as for amplif ication of the VB12 uptake system thus enabling a wide range of active 
agents to be actively absorbed intact from the intestine. 
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Claims 

1. A complex for oral delivery of a substance to the circulation or lymphatic drainage system of a host, comprising: 
a microparticle coupled to at least one canrter; wherein 

the miaoparticle entraps or encapsulates the substance whereby the substance is substantially unaffected by 
intestinal digestive substances of the host; 

the micropartrcle is adapted to release the entrapped or encapsulated substance into the circulation or lym- 
phatic drainage system of the host; the nucropartrcte is a microsphere or nrucrocapsule that entraps or encap- 
sulates a hormone, drug, immunogen. DNA component, DNA molecule or DNA analogue, or RNA (such as 
ribozyme) component, RNA molecule or RNA analogue; 

the carrier is adapted to transport tfie complex to the circulation or lymphatic drainage system via the mucosal 
epithelium of the host; and 
the carrier is: 

(a) adapted to bind to Casties intrinsic factor and is selected from vitamin B^2 and analogues and deriva- 
tives thereof; or 
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(b) adapted to bind to gastrointestinal mucosa and is selected from a mucosal binding protein. 

2. A complex according to claim 1 , wherein the carrier molecule is selected from a bacterial adhesin, a viral adhesin, 
a toxin binding subunit or a lectin. 

3. A complex according to claim 1 wherein the carrier molecule is selected from vitamin 6^2 and analogues and deriv- 
atives of vitamin 6^2 possessing binding activity to Castle's intrinsic factor. 

4. A complex according to claim 2 wherein the carrier is a viral haemagglutinln. 

5. A complex according to any of claims 1-4, wherein the microparticle further comprises a targeting molecule, 
wherein the targeting molecule is capable of targeting and attaching said complex to a target in a host. 

6. A complex accorcfing to datm 5» wherein the targeting molecule is an antbody. lectin, enzyme, binding protein or 
binding siA>stance. or a binding fragment of an antibody, lectin, enzyme, binding protein or binding siA>stance. 

7. A corrpiex according to any preceding daim. wherein the microparticle is coupled to a plurality of carriers. 

8. A complex according to any of claims 1-6, wherein each microparticle has one carrier coupled thereto. 

9. A conrplex according to any preceding daim, wherein the coupling is by means of covalent bonding or hydrophobic 
interaction. 

10. A complex according to claim 9, wherein the covalent bonding is by a cross-linking agent 

11. A conposition for oral delivery of a substance or sut)stances to the circulation or lynphatic drainage system of a 
host, comprising a mixture of a plurality of different complexes according to any preceding claim. 

12. A composition according to daim 11, further comprising a physiologically acceptable carrier, diluent, excipient or 
adjuvant 

13. A composition for oral delivery of a substance to the circulation or lymphatic drainage system of a host conrprising 
the complex of any of daims 1 -1 0 together witii a physiologically aocepteble carrier, diluent, excipient or adjuvant. 

14. A compositiOT according to daim 12 or 13, wherein the carrier, diluent, excipient or adjuvant is orally and pharma- 
ceutically acceptabla 

1 5. Use of a complex according to any of daims 1 -1 0 in the manufocture of a medicament for delivery of a therapeutic 
substance to the drculation or lymphatic drainage system of a patient via the mucosal epithelium. 

16. A process for the production of a complex according to any of daims 1-10, which process comprises one or more 
of the following steps: 

(a) reacting micropartlcles witii a carrier molecule to form the complex; 

(b) chemically nxxlifying a cannier molecule to provide at least one functional group capable of forming a chem- 
ical linkage and reacting a miaoparticle and tiie modified canrier molecule to form the complex; 

(c) reacting micropartides witii at least one cross-linking agent and reacting the reacted micropartides with a 
canrier nrK)lecule to form the complex; 

(d) reacting a carrier molecule witii at least one cross-linking agent and reacting micropartides with the reacted 
earner molecule to form ttie complex; 

(e) reacting micropartides and a carrier with at least one cross-linking agent to form the complex; 

(f) reacting micropartides witti at least one cross-linking agent, reacting a carrier nwlecule with at least one 
cross-linking agent and reacting the reacted miaopartides and the reacted earner molecule to form the com- 
plex; or 

(g) reacting a carrier molecule with a hydrophobic moiety and reacting micropartides with the reacted earner 
molecule to form a complex non-covalently bonded by hydrophobic interaction. 

17. A kit for preparing a contplex for oral delivery of a substance to the drculation or lymphatic drainage system of a 
host, comprising: 
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at least one type of carrier; 

at least one type of microparticle for entrapping or encapsulating the substance; and 
means to couple the microparticle to the carrier to form the complex; wherein the carrier is: 

(a) adapted to bind to Castle's intrinsic factor and is selected from vitamin B12 and analogues and deriva- 
tives thereof, or 

(b) adapted to bind to gastrointestinal mucosa and is selected from a mucosal binding protein such as a 
bacterial adhesin, a viral adhesin. a tcxin binding subunit and a lectin; and 

the microparticle is a miaosphere or microcapsule that entraps or encapsulates a hormone, drug, immunogen, 
DNA component. DNA molecule or DNA analogue, or RNA (such as ribozyme) component. RNA molecule or 
RNA analogue. 

PatentansprOche 

.1. Kbmplex zur oralen Abgabe einer Substanz in das Kreistauf- Oder Lymphdralnagesystem eines Wirtsorganismus 
mit: 

einem an mindestens einen TrSger gekoppelten Mikropartikef. wobel 

das Mikropartiket die Substanz einschlieSt bzw. einkapseft, wobel die Substanz von im Dann befindOchen Ver- 
dauungsstoffen des Wirtsorganismus Im wesentlichen nicht angegriffen wird; 

das Mikropartikel so angepaf^ 1st. daB es die eingeschlossene bzw. eingekapsette Substanz in das Kreislauf* 
Oder Lymphdrainagesystem des Wirtsorganismus f reisetzt; 

es sfch bei dem Mikropartikel um eine Mikrokugel Oder Mikrokapsel handeft, die ein Honmon. einen Arznastofff, 
ein Immunogen, einen DNA-Bestandteil, ein DNA-Molekul. ein DNA-Analog, einen RNA-Bestandteil (z.B. ein 
Ribozym), ein RNA-MolekOI Oder ein RNA-Analog einschlieBt bzw. einkapselt; 

der Trager so angepaBt ist. daS er den Komplex uber das Schleimhautepithel des Wirtsorganismus in das 
Kreislaur- oder Lynrphdrainagesyslem transportiert; und 
der Trager 

(a) so angepaGt ist, daB er an den Castle'schen Intrinslc-Faktor bindet und aus der Gruppe Vitamin 
Bt2 sowie dessen Analoge und Derivate ausgewdhlt ist; oder 

(b) so angepa&t ist, daB er an die Magen-Darm-Schleimhaut bindet und aus den an die Schleimhaut 
bindenden Proteinen ausgewdhlt ist. 

2. Komplex gemaB Anspruch 1, bei dem das Trftgermolekul aus Baklerienadhesin, Virusadhesin, toodnbindender 
Untereinheit oder Lectin ausgewdhlt isL 

3. Komplex gemaB Anspruch 1 , bei dem das TragermolekOI aus Vitamin B^2 sowie Vitamin Bi2-Analogen und - Deri- 
vaten mit Bindungsaktivitdt fur Castle'schen Intrinsic-Faktor ausgewdhlt ist. 

4. Komplex gemaB Anspruch 2, bei dem es sich bei dem Trdger um ein Vimshamagglutinin handelt. 

5. Komplex gemaB einem der AnsprQche 1 -4, bei dem das Mikropartiket werterhin ein zielgerichtetes MolekQI enthait. 
wobei das zielgerichtete MoiekOI fdhig ist, sich auf ein Zlel zu richten und den Kbmplex an ein Ziel in einem Wirts- 
organismus anzuheften. 

6. Komplex gemaB Anspruch 5. bei dem das zielgerichtete MolekQI ein Antik&rper, ein Lectin, ein Enzym. ein Bin- 
dungsprolein oder eine Bindungssubstanz oder ein Bindungsfragment eines AntikOrpers. eines Lectins, eines 
Enzyms, eines Bindungsproteins oder einer Bindungssubstanz ist. 

7. Komplex gemaB einem der vorhergehenden AnsprOche, bei dem das Mikropartikel an mehrere Trager gekoppelt 
ist 

8. Komplex gen^aB einem der AnsprOche 1 -6, bei dem jedes Mikropartikel Ober einen angekoppelten Trager verlOgt. 

9. Komplex gemaB einem der vorhergehenden AnsprOche. bei dem die Kopplung auf kovalenter Bindung oder hydro- 
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phober Wechsehvirkung vorgenorrvnen wird. 

10. Komplex gemdB Anspruch 9. bet dem die kovalente Bindung durch einen Vernetzer vorgenommen wird. 

11. Zusammensetzung zur oralen Abgabe einer Substanz bzw. von Substanzen an das Krelslauf- oder Lyirphdralna- 
gesystem eines Wirtsorganlsmus mil einer Mischung mehrerer verschiedener Komplexe gemSB einem der vorher- 
gehenden AnsprOche. 

12. Zusammensetzung gemSB Anspruch 11, die weiterhin einen physiologisch unbedenWichen Trfiger bzw. Mger- 
stoH, en physiologisch unbedenMiches VerdOnnungsmittet oder einen physiologisch unbedenMichen Hilfsstoff ent- 
hdlt. 

13. Zusammensetzung zur oralen Abgabe einer Substanz an das Kreislauf- oder Lymphdralnagesystem eines Wirts- 
organismus, die den Komplex gemSB einem der Anspnjche MO zusammen mit einem physiologisch unbedenWi- 
chen Trager bzw. Tragerstoff. einem physiologisch unbedenMichen VerdQnnungsmitlel oder einem physiologisch 
unbedenMichen Hilfsstoff enthdH 

14. Zusammensetzung gemSB Anspruch 12 oder 13, bei demderTrflger bzw. TrSgerstoff. das VerdOnnungsmiltel oder 
der Hilfsstoff oral und pharmazeutisch unbedenMich isl. 

15. Ven^fendung eines Komplexes gemaB einem der AnsprOche 1-10 zur Herstellung eines Arzneimittels zur Abgabe 
eines Therapeutikums an das Kreislauf- oder Lymphdrainagesystem eines Patienten Qber das Schleimhaut^ithel. 

16. Verfahren zur Herstellung eines Komplexes gemdB einem der AnsprOche MO, wobei dieses Verfahren einen oder 
mehreren der foigenden Schritte umfaBt: 

(a) Umsetzen von Mikropartikein mit einem TragermolekOI zwecks Komplexbildung; 

(b) chemisches Modifizieren eines TragermolekOis, um mindestens eine zur Bildung aner chenuschen Bin- 
dung befdhigte funktionelle Gruppe zur VerfOgung zu stellen, und Umsetzen eines Mikropartikels und des 
modifizierten TragermolekOis zwecks Komplexbildung; 

(c) Umsetzen von Mikropartikein m'rt mindestens einem Vernetzer und Umsetzen der umgesetzten Mikroparti- 
kel mit einem TragermolekOI zwecks Komplexbildung; 

(d) Umsetzen eines TrdgenrmiekOls mit nrvndestens einem Vemetzungsmittel und Umsetzen von Mikroparti- 
kein mit dem umgesetzten TragermolekOI zwecks Komplexbildung; 

(e) Umsetzen von Mikropartikein und einem Trager mit mindestens einem Vernetzer zwecks Komplexbildung; 

(f) Umsetzen von Mikropartikein mit mindestens einem Vernetzer, Umsetzen eines TragermolekOis mit minde- 
stens einem Vernetzer. und Umsetzen der umgesetzten Mikropartikel und des umgesetzten TragermolekOis 
zwecks ItomplexbiMung; oder 

(g) Umsetzen eines TragenmolekOls mit einem hydrophoben MolekOlteil und Umsetzen von Mikropartikein mit 
dem umgesetzten TragermolekOI zwecks Bildung eines nichtkovalent durch hydrophobe Wechselwirkmg 
gebundenen Komplexes. 

17. Besteck zur Herstellung eines Komplexes zur oralen Abgabe einer Substanz an das Kreislauf- oder Lymphdraina- 
gesystem eines Wirtsorganismus mit: 

mindestens einem Typ Trdger; 

mindestens einem Typ Mikropartikel zum EinschlieBen bzw. Einkapsein der Substanz; und 
Mittein zur Kopplung des Mikropartikels an den Trager zwecks KonplexblkJung. wobei der Trager 

(a) so angepaBt ist, daB er an den Castle'schen Intrinsic-Faklor bindet und aus Vitamin B^g sowie dessen 
Analogen und Derivaten ausgewahit ist, oder 

(b) so angepaBt ist, daB er an die Magen-Darm-Schleimhaut bindet und aus der Gruppe der an die 
Schleimhaut bindenden Proteine wie z.B. Bakterienadhesin, Virusadhesin. toxinbindende Untereinheit 
und'Lectin ausgewahit ist; und 

das Mikropartikel eine Mikrokugel oder Mikrokapsel ist. die ein Hormon, einen Arzneistoff, ein Immunogen, 
einen DNA-Bestandtell, ein DNA-MolekOl. ein DNA-Analog, einen RNA-Bestandteil (wie z.B. Ribozym), ein 
RNA-MolekOI oder ein RNA-Analog einschlieBt bzw. einkapselt. 
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1. Complexe destine k d^livrer par voie orale une substance k la circulation ou au syst^me de drainage lymphatique 
d*un hdte, comprenant: 

une microparticule coupl6e k au moins un support. caract6ris6 en ce que 

la microparticule pi^e ou encapsule la substance de sorte que ia substance ne soit sensiblement pas affect^e 
par les sut>stances digestives intestinales de Tlidte; 

la microparticule est adapt^e k lib^rer la substance pi^6e ou encapsul^e dans ia circulation ou le syst^me de 

drainage lymphatique de ITidte; 

la microparticule est une miaosph^re ou une microcapsule qui pi^ge ou encapsule une hormone, un medica- 
ment » un immunog^ne, un composant d'ADN, une mdtajle d*ADN ou un analogue d'ADN. ou un composant 
d'ARN (tel qu'un ribozyme). une mol^dule d'ARN. ou un analogue d*ARN: 

le support est adapts k transporter le oomplexe k la circulation ou au syst^me de drainage lymphatique par 
rinterm^iaire de r^pith^lium de la muqueuse de l*hdte; et 
le support est: 

(a) adapts k se lier au facteur intrins^ue de Castle et est choisi parmi la vitamine B^2 ^ analogues 
et d^riv^ ou 

(b) adapts k se lier k la muqueuse gastrointestinale et est choisi d'une protSine de liaison k la nrujqueuse. 

2. Complexe selon la revendication 1 , caract6ns6 en ce que la nx)! tojie-support est choisie parmi une adh^sine bac- 
t^'enne, une adh^ine virale, une sous-unit6 de liaison de toxine ou une lectine. 

3. Complexe selon la revendication 1, caract6ris6 en ce que la mol6cule-support est choisie parmi la vitamine B^2 ^ 
les analogues et d6riv6s de la vitamine 6^2 poss^dant une activit6 de liaison au facteur intrins6que de Castle. 

4. Complexe selon la revendication 2, caract^s6 en ce que le support est une h^magglutinine virale. 

5. Complexe selon I'une quelconque des revendications 1-4. caract6ris6 en ce que la microparticule comprend en 
outre une molecule de dblage et en ce que la molteule de dblage est capable de dbler et de fixer ledit complexe 
k une cible dans un hdte. 

6. Complexe selon la revendication 5. caract^is6 en ce que la nrx>l6cule de dblage est un anticorps, une lectine, une 
enzyme, une prot^ine de liaison ou une substance de liaison, ou un fragment de liaison provenant d'un anticorps. 
d'une lectine. d'une enzyme, d'une prot^ine de liaison ou d'une substance de liaison. 

7. Complexe selon Tune quelconque des revendications pr^c^entes. caract6ris6 en ce que la microparticule est cou- 
pl^e k une pluralrt6 de supports. 

8. Complexe selon Tune quelconque des revendications 1 •€. caract6ris6 en ce que chaque microparticule a un sup- 
port qui lui est coupl6. 

9. Complexe selon Tune quelconque des revendications pr6c§dentes. caract6ris6 en ce que le couplage se fait par 
liaison covalente ou par interaction hydrophobe. 

10. Complexe selon la revendication 9. caract^is6 en ce que la liaison covalente se fait par un agent de r^ulation. 

1 1 . Composition destin6e k d6livrer par voie orale une substance ou des substances k la circulation ou au syst^me de 
drainage lymphatique d*un hdte, comprenant un m^ange d'une plurality de d'rff^rents complexes selon Tune quel- 
conque des revendications pr^c^entes. 

12. Composition selon la revendication 11, comprenant en outre un support, un diluant, un excipient ou un adjuvant 
physiologiquement acceptable. 

13. Composition destin6e k d§livrer par voie orale une substance k la circulation ou au systems de drainage lympha- 
tique d'un hdte, comprenant le complexe de Tune quelconque des revendications 1-10 oonjointement avec un sup- 
port, un diluant. un excipient ou un adjuvant physiologiquement acceptable. 
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14. Conposition selon la rerendication 12 ou 13. caract6ris6e en ce que ie support ie dtluant rexcipient ou Tadjuvant 
est acceptable par voie orale ou du point de vue pharniaceutiqua 

1 5. Utilisation d'un oomplexe selon Tune quelconque des revendications 1-10 dans la labrication d'un m^icament des- 
tine k d^llvrer une substance th^rapeutique k la circulation ou au syst^e de drainage tymphatique d'un malade 
par rinternt^iaire de r^ith§lium de la muqueuse. 

16. Prockl6 de production d'un complexe selon Tune quelconque des revendications 1*10. lequel proc6d6 comprend 
une ou plusieurs des ^apes suivantes: 

(a) la reaction de microparticuies avec une mol^le-support pour former Ie complexe; 

(b) la modification chimique d'une molecule-support pour donner au moins une tonction capable de former un 
lien chimique et la reaction d'une microparticule et de la mol§cule-support modtf i6e pour former Ie complexe; 

(c) la ruction de microparticuies avec au moins un agent de reticulation et la reaction des micropart'cules 
ayant r§agi avec une mol6cule-support pour former Ie complexe; 

(d) la reaction d'une molecule-support avec au moins un agent de reticulation et la reaction de micropart'cules 
avec la moiecule-support ayant reagi pour former Ie complexe: 

(e) la reaction de miaoparticules et d'un support avec au moins un agent de reticulation pour former ie com- 
plexe; 

(f) la reaction de microparticuies avec au moins un agent de reticulation, la reaction d'une moiecule-support 
avec au moins un agent de reticulation et la reaction des microparticuies ayant reagi et de la moiecule-support 
ayant reagi pour former Ie complexe; ou 

(g) la reaction d'une moiecule-support avec une moitie hydrophobe et la reaction de microparticuies avec la 
PDoiecule-support ayant reagi pour former un complexe lie de fagon non covalente par interaction hydrophobe. 

1 7. Kit de preparation d'un complexe destine k deiivrer par voie orale une substance k la circulation ou au systeme de 
drainage lymphatique d'un h6te, comprenant: 

au moins un type de support 

au moins un type de miaopartlcule pour pieger ou encapsuler la suk>stance; et 

des moyens pour coupler la miaoparticule au support pour former Ie complexe. caracterise en ce que Ie sup- 
port est: 

(a) adapte k se Her au facteur intrinseque de Castie et est choist parmi la vitamine 8^2 et ses analogues 
et derives, ou 

(b) adapte k se lier k la muqueuse gastrointestinale et est choisi d'une proteine de liaison k la muqueuse 
telle qu'une adhesine bacterienne. une adhesine virale. une sous-unite de liaison de toxine et une lectine; 
et 

la miaoparticule est une miaosphere ou une microcapsule qui piege ou encapsule une hormone, un medica- 
ment, un immunogene, un composant d'ADN, une molecule d'ADN ou un analogue d'ADN. ou un composant 
d'ARN (tel qu'un ribozyme), une nx>iecule d'ARN ou un analogue d'ARN. 
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